Abstract
Introduction
Long-term environmental stability is a key issue for the application of oxide/oxide ceramic matrix composites (CMC) in combustion environments of gas turbines.
State-of-the-art oxide/oxide CMCs consist of alumina fibers and matrices with submicron grain sizes. At high service temperatures, such Al 2 O 3 /Al 2 O 3 CMC are prone to grain growth, sintering, and creep deformation, resulting in loss of strength and damage tolerance. Moreover, under attack of rapidly flowing, water-vapor rich combustion gases alumina is prone to recession due to formation of volatile species such as Al(OH) 3 . gained attention as potential EBC materials exhibiting water-vapor recession rates of two to three orders of magnitude lower than alumina [2, 3] . The bulk thermal expansion of Y-silicates (CTE: Y 2 SiO 5 : 6.9 x 10 -6 K -1 , Y 2 Si 2 O 7 : 4.6 x 10 -6 K -1 [4] ) is low with respect to Al 2 O 3 (CTE: Al 2 O 3 : 9.6 x 10 -6 K -1 ), therefore certain CTE mismatch is anticipated which may affect coating durability. It must be noted that Y-silicates exhibit considerable anisotropic thermal expansion and the CTE mismatch scenario is more complex [5] [6] [7] . The Al/Al 2 O 3 powder coating converts to a solid RBAO layer upon annealing in air (1300°C, 1 hour). Details of the RBAO coating process as described elsewhere [26] .
In a similar manner CMC-tubes with a wall thickness of 4 mm and an inner diameter Inc., Guimond Longueuil, Quebec, Canada). anticipated that such CMC tubes are well-suited models for "edge-free" components having large curvature radii such as tubular combustor liners. The employed peak temperature of 1200°C is considered a realistic CMC/EBC interface temperature for gas turbine operation. During one cycle the APS Y 2 O 3 coated specimen is rapidly transferred into the 1200°C hot furnace and annealed for a period of 50 min. Then the specimen is rapidly removed from the furnace and cooled down during 10 minutes to room temperature by aid of pressurized air. The FCT campaign was stopped after 500 cycles, i.e. after accumulated 416 hours at 1200°C, since there was no macroscopic evidence of failure such as coating exfoliation or spallation, which is also confirmed by SEM analysis ( fig. 13 ). The APS Y 2 O 3 of the FCT sample exhibits a microstructural evolution comparable to the 1h 1400°C sample (see fig. 4 ).
Results

Properties of as-deposited APS Y 2 O 3 and its evolution upon annealing
Evolution of the coating/CMC interface
This is also reflected in Vickers hardness measurements, yielding an HV50 of 668 for the FCT sample (see fig.5 ). A continuous reaction zone has formed at the coating/substrate interface similar to that of the isothermally annealed 1400°C
sample.
Discussion
The formation of a thermodynamically stable phase assemblage exhibiting strong However, YAM has a monoclinic crystal structure and undergoes a, presumably martensitic, phase transformation at 1377°C [33, 34] which may be detrimental for thermocyclic operation. On the other hand, the associated volume change of -0.5 % is relatively small and thus a major detrimental influence on the interface stability is unlikely. Moreover, 1377°C is far beyond a plausible interface temperature, thus a sufficient margin for safe CMC operation is easily maintained.
Conclusions
We have investigated the properties and evolution of APS 
